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Rosie Redfi eld is Professor of 
Zoology at the University of British 
Columbia, where she has been since 
1990. Her research investigates the 
evolution and molecular biology of 
natural transformation in bacteria 
(her cocktail-party summary is “Do 
bacteria have sex?”). She blogs 
about her research at RRResearch.
blogspot.com, where a recent blog 
post received a lot of attention 
from both scientists and the media 
because it critiqued the NASA-
funded research claiming that 
arsenic can replace phosphorus 
in DNA. 
How did you decide to become 
a scientist? I started college in 
1966, planning to be an engineer 
(which was the  geeky-cool ambition 
of the day). But this was the sixties 
and I soon turned on, tuned in, 
and dropped out. I came back to 
university a few years later, now 
planning to go to medical school, 
but before getting there I realized 
that I would rather try to do research 
in molecular biology, which I was 
learning about from Jim Watson’s 
wonderful new textbook The 
Molecular Biology of the Gene.
How did you end up working 
on bacteria and on sex? Several 
fl ashes of insight in grad school. The 
fi rst was realizing that evolution is 
scientifi cally interesting, something 
that hadn’t sunk in from my 
otherwise excellent undergraduate 
education (in Australia, though I 
had grown up in Canada). Another 
was realizing that I was in the wrong 
lab in grad school (at Stanford), 
and switching from Bob Schimke’s 
gene-amplifi cation lab to Allan 
Campbell’s small group working on 
phage lambda and Escherichia coli. 
Another was seeing the connection 
between what I was learning about 
the evolution of sex and what I was 
learning about the molecular biology 
of transposons and other genetic 
parasites. Using the molecular 
biology of sex to investigate the 
forces responsible for its evolution 
appeared to be an empty research 
niche, so I decided to occupy it.
Q & A So, do bacteria have sex? I think not.The word ‘sex’ can mean a lot 
of different things, but the biggest 
scientifi c question is whether 
bacteria have any processes that 
evolved to randomize chromosomal 
alleles between different members 
of the population (or species). That’s 
what researchers think eukaryotic 
(meiotic) sex evolved to do, but 
evolutionary biologists haven’t 
yet found out why this would be 
such a good thing. It’s also what 
many microbiologists assume 
that the ‘parasexual’ processes 
of conjugation, transduction and 
especially transformation evolved 
to do, because these processes do 
move alleles between individuals. But 
close examination of the genes and 
events responsible for conjugation 
and transduction shows that 
these processes exist for reasons 
other than sex; they evolved as 
mechanisms of infectious transfer (of 
plasmids and phages, respectively), 
and they don’t bear any evidence 
of selection for the ability to cause 
homologous recombination. 
My research focuses on the 
remaining parasexual process, 
natural competence (DNA uptake) 
and the genetic transformation it 
causes, and I’ve concluded that 
bacteria take up DNA to get food 
rather than new genes. That is, I 
think that the recombination is an 
unselected side effect, just as it is in 
conjugation and transduction. DNA 
isn’t usually viewed from a nutritional 
perspective, but the nucleotides 
it contains are very expensive to 
synthesize from scratch, and it’s 
a rich dietary source of carbon, 
nitrogen and phosphorus. These 
nutritional benefi ts are much more 
reliable than the slim possibility of 
improving the genotype by taking 
up random DNA fragments from 
the environment. Furthermore, 
the regulation of competence is 
consistent with a nutritional 
function — cells typically take up 
DNA when nutrients become scarce. 
However, I’m a voice crying in the 
wilderness about this; very few other 
microbiologists take this explanation 
seriously, perhaps because it lacks 
the glamour and charisma of sex.
What does this mean for why 
eukaryotes do have sex? We know 
that meiotic sexual reproduction 
arose only once, very early in eukaryote evolution. Its spectacular 
success must be because it solves 
a ubiquitous problem, one shared 
by organisms that are haploid or 
diploid, unicellular or multicellular, 
and either facultatively or obligately 
sexual. But, whatever this 
mysterious problem is, it also must 
be something that bacteria do not 
have. This combination of constraints 
eliminates just about all of the 
recombination-increases-fi tness 
hypotheses proposed to account for 
the advantage of sex. A very radical 
solution might require dumping the 
assumption that sex is good for our 
genes, and instead asking if sex was 
invented by our genetic parasites 
because it helps them spread into 
new genomes.
What other heresies have you 
been propagating? Two big ones. 
First, lab use of ethidium bromide 
is not hazardous. A few years ago I 
wrote a RRResearch post about this, 
and until the arsenic fuss this was by 
far the most visited post on the blog. 
It was prompted by a local safety 
seminar, sponsored by a company 
that is exploiting the unreasonable 
fear of EthBr to sell their SybrSafe 
alternative. The post summarized 
the excellent evidence that ethidium 
bromide is far less dangerous 
than almost everything else in a 
scientist’s daily life. (Yes, I know this 
contradicts everything you’ve been 
told, but it’s true.)
My other big heresy is that 
bacteria aren’t really talking to each 
other by quorum sensing. Instead, 
what we call quorum sensing is 
mainly a side effect of simple 
environmental sensing. The idea 
that bacteria secrete and sense 
small molecules so that they can 
sense each other’s presence is very 
attractive, perhaps because we’re 
social animals ourselves, but its 
evolutionary foundations are very 
suspect. That’s because genes 
causing this kind of cooperation are 
only expected to evolve under very 
special circumstances, ones unlikely 
to be met by natural populations 
and communities of bacteria. My 
heretical solution to this problem 
came as another fl ash of insight that 
put disparate ideas together, in this 
case replacing altruistic cooperation 
with an individual benefi t that would 
be strongly selected for. That benefi t 
is a solution to the problem diffusion 
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nutrients by secreting degradative 
enzymes and taking up the resulting 
small molecules. (Yes, I know this is a 
boring explanation, but it has a much 
stronger evolutionary foundation than 
the charismatic idea that bacteria are 
talking to each other.)
What’s with all the blogging? 
Unlike most science bloggers, I didn’t 
start a blog because I wanted to 
tell the public about what scientists 
are discovering, or even about 
what my own group is discovering. 
Rather, I wanted to show the 
process of science — how research 
really happens. The fumbles, the 
bottlenecks (curse you, FedEx 
Dangerous Goods shipping!), the 
cool idea that doesn’t pan out, the 
cool idea that does. I didn’t expect 
to have many regular readers, and, 
except for the recent arsenic-DNA 
splash, I don’t. But along the way I 
discovered that writing blog posts 
is a wonderful way to clarify my own 
thinking. A key factor is probably 
the tone I aim for (trying to be clear 
for an audience that knows less 
than I do). So now, whenever I don’t 
understand something, I write a blog 
post about it.
That was why I wrote my initial 
critique of the Science paper 
claiming that bacteria could 
substitute arsenic for phosphorus 
in their DNA (Wolfe-Simon et al. 
Science Express 2nd December, 
DOI:10.1126/science.1197258). I’d 
noticed other science blogs buzzing 
about NASA’s media hype, but when 
I read the paper I was appalled at 
the fl aws in its methodology. The 
writing was well done but mainly 
used to gloss over the experimental 
problems, and the exciting but very 
improbable conclusion was entirely 
unjustifi ed. The data were much 
better explained by contamination 
of the research materials (the media 
by phosphate, the gels by arsenate). 
I’d never heard of any of the authors, 
and the critique I wrote on my blog 
included a few speculations about 
their motives. In this context, I don’t 
think these were inappropriate, 
although I didn’t anticipate that 
they would be seen by 100,000 blog 
visitors and widely quoted online 
and in newspapers. Fortunately 
many other researchers agreed 
with me, and I followed up with a 
strictly scientifi c and (I think) even more devastating critique of the fi rst 
author’s responses to some of the 
criticisms, as well as a formal Letter 
to Science.
Why were scientists so upset 
about this paper? Because NASA 
built a media storm around such 
extraordinarily bad science. I don’t 
think I’ve ever seen a paper with 
so many fl aws in its methodology 
and interpretation, and the publicity 
it received (and its publication in 
Science) was a slap in the face to 
other scientists. And even though 
exposing the paper’s fl aws is what 
good science is all about, the need 
to do so has probably lowered the 
public’s confi dence in science; both 
creationists and global-warming 
denialists are citing this debacle as 
evidence that scientists can’t be 
trusted.
Did this debacle do any good? 
Certainly, scientifi cally it did good, 
as most scientists, and also some 
of the public, now realize that the 
paper’s results should not be trusted. 
The media coverage was very good, 
emphasizing that disputes like 
this are an essential component of 
how science works. The affair also 
focused both public and scientifi c 
attention on how the internet is 
changing the ways that scientists 
communicate, and how this in turn 
might affect science.
When asked to write this Q&A, 
your fi rst question was “Is it open 
access?” — why? This is both a 
moral issue and a good-science one. 
Most journals, including this one, 
still operate under the 20th-century 
subscription model, where the costs 
of publication are paid by readers’ 
and libraries’ subscription fees. This 
shuts off access by the people who 
actually paid for the research — not 
only the taxpayers, but everyone who 
contributes to research charities. 
It also cuts way down on the pool 
of people who might contribute to 
additional research, or who might be 
motivated by it to go into science (or 
just learn something from it). And the 
journals force authors to give up their 
copyright to their own work.
The costs of publishing research 
(including of course the essential 
costs of peer review) should instead 
be treated as part of the cost of 
doing the research, and paid for either by the authors from their 
grants or by the funding agencies by 
directly sponsoring journals (in the 
same way as the agencies support 
NCBI and other public goods). But 
the inertia of the present publishing 
system is a big obstacle — many 
for-profi t and society journals are 
unwilling to give up their current 
status as gatekeepers of scientifi c 
publishing, though some (not this 
one) are making a transition by 
offering an ‘authors-pay’ option 
allowing open access to individual 
papers.
What do you think it takes to be 
a good scientist? One big thing I 
learned in graduate school is that 
there are lots of different ways to 
be a good scientist. Every professor 
in my department at Stanford did 
some things badly (I’m tempted to 
list them here but I’d better not). But 
these fl aws didn’t make them bad 
scientists, because they did so many 
other things very well. So focus on 
what you do well; fi nd ways to cope 
with what you’re bad at, but don’t 
obsess about it.
What are you particularly good 
at? And what bad at? I’m good 
at seeing the big picture, and at 
seeing the connections between 
problems that have been studied 
only disparately (for example, the 
connections between the molecular 
biology of recombination and the 
evolution of sexual reproduction). 
I’m good at noticing contradictions 
and problems — hence my critique 
of the arsenic paper. I’m good at 
speaking up, and at asking questions 
in seminars. On the other side, I’m 
bad at keeping my mouth shut and 
minding my manners, and at doing 
the administrative and social stuff 
that a good professor should do. I’m 
also lamentably ignorant about many 
subjects important for my research, 
and the only statistics I know is 
a couple of technical terms that I 
probably misuse.
Any other advice for young 
scientists? True love will break your 
heart but good science will see you 
through.
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